Abstract We present a catalog of cross-correlated radio, infrared and X-ray sources using a very restrictive selection criteria with an IDL-based code developed by us. The significance of the observed coincidences was evaluated through Monte Carlo simulations of synthetic sources following a well-tested protocol. We found 3320 coincident radio/X-ray sources with a high statistical significance characterized by the sum of error-weighted coordinate differences. For 997 of them, 2MASS counterparts were found. The percentage of chance coincidences is less than 1%. X-ray hardness ratios of wellknown populations of objects were used to provide a crude representation of their X-ray spectrum and to make a preliminary diagnosis of the possible nature of unidentified X-ray sources. The results support the fact that the X-ray sky is largely dominated by Active Galactic Nuclei at high galactic latitudes (|b| ≥ 10
Introduction
Understanding the nature of the galactic and extragalactic X-ray sources and the physical phenomena that produce the emission is one of the main goals of modern astrophysics. Astrophysical systems emitting at high energies are usually complex, comprising objects or media capable of emitting over different ranges of the electromagnetic spectrum (e.g. Fabbiano 2006). Multiwavelength analyses are needed to disentangle and characterize the different components of such astrophysical systems.
The last generation of high-sensitivity X-ray observatories, like Chandra and XMM-Newton, have led to the detection of large samples of X-ray sources (Watson et al. 2009 ). These observatories provide a new and more detailed view of the X-ray Universe having an impact on our understanding of different populations of high-energy objects. In past years several stud-ies of X-ray sources, at high and middle galactic latitude, have been carried out to investigate various statistical properties of X-ray sources (Severgnini et The cross-correlation of X-ray surveys with others at different wavelengths, and the analysis of their properties along the whole electromagnetic spectrum is important in several ways. First, it would provide clues on the nature of individual sources and their emission. Second, it would allow to acquire a deeper and more accurate insight into the statistical properties of different X-ray source populations, particularly for rare objects. It would also provide the basis for statistical modeling of such populations, which might give insight into the origin and evolution of systems emitting at high energies (e.g., Fabbiano 2006). Finally, it might reveal the existence of new classes of objects. Unidentified sources are particularly interesting for this last point.
The XMM-Newton Serendipitous Source Catalogue (2XMMi; Watson et al. 2009 ) is the largest survey of X-ray sources available at present, providing nearly homogeneous data for almost 2.5 × 10 5 sources at arcsecond angular resolution. Most of these sources have been identified with others at longer wavelengths, while many others remain unidentified. Watson et al. (2009) provide cross-identification of the 2XMMi sources with many other catalogs, including NVSS, 2MASS, USNO, etc. However, they do not investigate the statistical properties of the correlated samples. A recent study by Flesch (2010) provides a thorough investigation on the correlation of 2XMMi sources (and also of those from other XMM and Chandra catalogues) with different classes of optical objects. They also correlate the optical sources with radio catalogs, although they avoid a direct cross-identification of X-ray with radio sources.
In this paper, we present a cross-identification of the 2XMMi sources with different radio catalogues covering the whole sky, the NRAO-VLA Sky Survey (NVSS; Condon et al. 1998 ), the Sydney University Molonglo Sky Survey (SUMSS; Mauch et al. 2007 ) and the Molonglo Galactic Plane Survey 2 (MGPS-2; Green et al. 1999). These catalogues were chosen because of their complementary sky coverage and their homogeneity (both internal and between catalogues). These properties allow us to perform a statistically significant analysis of X-ray source populations and their properties at radio wavelengths. We also perform a cross-correlation with the 2MASS Catalogue (Cutri et al. 2003) . Using restrictive selection criteria, we assess the reliability of these cross-correlations and we use characteristics of well-known X-ray populations to make preliminary diagnosis of the nature of unidentified X-ray sources with radio and infrared counterparts. The structure of the paper is as follows: in Sect. 2 we describe the crosscorrelation analysis and strategy to compute the positional correlation of sources. The main results and discussion are presented in Sect. 3 . Finally, we summarize the main conclusions in Sect. 4.
Cross-correlation analysis

The catalogues
To perform a positional cross-identification between radio and X-ray sources we have used the NRAO VLA Sky Survey (NVSS 1 ) catalog (Condon et al. 1998 4 , 2007) . The three radio surveys cover the whole sky.
The NVSS catalog (at 1420 MHz) contains 1773484 sources. It covers the entire sky north of −40
• declination. The rms positional uncertainties in RA and DEC vary from 1 ′′ for relatively strong (S ≥ 15 mJy) point sources, to 7
′′ for the faintest (S≤2.3 mJy) detectable sources. The SUMSS catalog (at 843 MHz) consists of 210412 radio sources. It covers the southern sky with δ ≤ −30
• . Positions in the catalog are accurate within 1 ′′ to 2 ′′ for sources with peak brightness ≥ 20 mJy/beam and are always better than 10 ′′ . The MGPS2 is a radio continuum survey carried out with the Molonglo Observatory Synthesis Telescope (MOST) at 843 MHz with a resolution of 45 ′′ × 45 ′′ cosec|δ|. This catalog has 48850 sources above a limiting peak brightness of 10 mJy beam −1 . The region surveyed is 245
• ≤ l ≤ 365
• and |b| ≤ 10
• . Actually, it is the Galactic counterpart of the SUMSS catalog.
At X-ray wavelenghts, the 2XMM catalog contains 246897 X-ray source detections above processing likelihood threshold of 6. The median flux (in the total photon energy band 0.2-12 keV) of the catalog detections is ∼ 2.5×10 −14 erg cm −2 s −1 ; in the soft energy band (0.2-2 keV) the median flux is ∼ 5.8 × 10 −15 erg cm erg cm −2 s −1 . About 20% of the sources have fluxes below 10 −14 erg cm −2 s −1 . The positional accuracy of the detections in the catalog is generally < 5 arcseconds (99% confidence radius). To date, 1.93% of the whole sky has been observed with the XMM-Newton satellite.
Since we are interested in finding a positional correlation between radio and XMM-Newton sources, we adopted the following procedure for the determination of positional coincidences:
• First, we cross-identificated radio and X-ray sources using the method described in the next subsection.
• The position of those radio/XMM coincident sources were subsequently cross-correlated with the 2MASS 5 catalog (Cutri et al. 2003 ), using for each pair of infrared/X-ray sources the same criteria used above.
• Then, we inspected the SIMBAD database and the NASA/IPAC Extragalactic Database (NED) to identify those previously known sources of the sample, which were separated in different tables.
• We finally studied the X-ray properties of unidentified X-ray sources with radio and infrared counterparts and compare them with those of well-known objects with the aim of making a preliminary diagnosis their possible nature.
Coincidence sample and statistical analysis
The cross-correlation of two catalogs to search for positional coincidences of sources is usually done using, as the selection criterion, the angular distance between sources (one in each catalog) appropriately weighted by its uncertainty. However, as the significance of such an approach also depends on the density of sources in the respective catalogs, the construction of the sample of 5 http://irsa.ipac.caltech.edu/cgi-bin/Gator/ coincident sources must be carried out with some care. In this section we describe our approach to this task, which was applied to cross-correlate the 2XMM catalog with each one of the radio catalogs (NVSS, SUMSS, MGPS2) independently. We constructed our sample of X-radio source coincidences in three steps. First, we computed for each pair of sources (one in the 2XMM catalog and the other in the corresponding radio catalog) the R statistic defined as
where (α X/R , δ X/R ) are the equatorial coordinates of the X-ray/radio source, and (σ α,X/R , σ δ,X/R ) their corresponding standard deviations. Clearly, R increases with the increase of the source differential position, in such a way that the uncertainties in the coordinates of each source are fully taken into account.
Low R values point to a possible coincidence, while high R values suggest no relationship between the sources. Under the assumption that the positions of both sources do coincide, R has a Rayleigh distribution (e.g. Allington- Smith et al. 1982) , i.e. the probability that R is greater than any given non-negative value R 0 is P (R > R 0 ) = exp(−R 2 /2).
For R 0 = 3.03, P (R > R 0 ) is only of 1%, hence we constructed a first sample of coincident sources by retaining all pairs of sources for which R ≤ 3.03. For such purpose, we used our IDL (Interactive Data Language 6 )-based code to cross-correlate the aforementioned catalogs. Given the construction of this sample, the probability that a true coincidence is missed is only 1% (the completeness is 99%). However, we expect this sample to be contaminated by some amount of chance coincidences of unrelated X and radio sources. We call it our dirty sample.
As a second step, we estimated the fraction of spurious (chance) coincidences in our sample. For this purpose, we evaluated the probability P u (R ≤ R 0 ) of getting an unrelated 2XMM-radio source pair with R ≤ R 0 , assuming a uniform distribution of radio sources in the vicinity of each 2XMM source. This probability is 
where σ α = (σ 2 α,X + σ 2 α,R ) 1/2 , σ δ = (σ 2 δ,X + σ 2 δ,R ) 1/2 , P u (R ≤ R 0 |σ α , σ δ ) is the conditional probability that an unrelated pair has R < R 0 , given the values of σ α and σ δ , and f (σ α , σ δ ) the joint probability density function of these two variables. It can be seen, from the definition of R, that P u (R ≤ R 0 |σ α , σ δ ) is the probability of finding at least one radio source inside an ellipse of semiaxes σ α and σ δ centered at the position of the 2XMM source. If the local density of radio sources is n, this is simply P u (R ≤ R 0 |σ α , σ δ ) = 1 − e −πnR 2 0 σασ δ .
To simplify expression 3, we computed mean position uncertainties of the radio sources directly from the data in the catalogs, obtaining values < 5 ′′ (see Table 1 ). Mean position uncertainties in the 2XMM catalog were also computed, obtaining a value of 2.0 ′′ . We also determined the radio source density n at the position of each 2XMM source located within the radio catalog boundaries, by counting the number of sources inside 1
• -radius circles centered in the X sources, and dividing it by the area of the circles. For this purpose, we divided the SUMSS catalog into two parts, one comprising sources with δ J2000 ≤ −50
• (SUMSS A), and the other comprising sources with δ J2000 > −50
• (SUMSS B) because of the different sensitivities of this catalog in the two regions, which results in different source densities. The mean density n for each radio catalog is given in Table 1 , together with the dispersion σ n . Given that σ n is small compared to n , for the purpose of computing the probability of chance coincidences we assumed that the local source density n in each radio catalog is constant and equal to n .
From the source densities and mean positional uncertainties, it is easy to verify that in every case π n R 2 0 σ α σ δ ≪ 1 hence, to first order, P u (R ≤ R 0 |σ α , σ δ ) = π n R 2 0 σ α σ δ . Assuming that total uncertainties in each coordinate are independent, the probability of a chance coincidence is
Finally, by counting the number N of 2XMM sources within the boundaries of each radio catalog, we were able to compute the mean N 99 and variance σ 2 99 of the number of coincidences expected by chance between each pair of catalogs, at 99% completeness,
and σ 2 99 = N P u (R ≤ 3.03)(1 − P u (R ≤ 3.03)),
respectively. These values, together with the actual number of coincidences N 99 obtained in the crosscorrelations, are given in Table 1 . As it can be seen, the observed N 99 values are greater than their expected means by at least 24σ 99 , which implies that the observed coincidences cannot be explained as due only to chance superposition of unrelated X and radio sources. This strongly suggests that many 2XMM sources do emit at radio wavelengths. The contamination fraction of our sample can be estimated as f 99 = N 99 /N 99 , and is also listed in Table 1. The contamination is low, reaching only 13% in the worst case. Nevertheless, it could be interesting to have a sample with a very low contamination, at the expense of a smaller completeness. Starting with the value of the desired completeness, any such sample could be constructed using the data of our dirty sample and the formulae given above. As the last step of our coincidence analysis, and with the purpose of obtaining cleaner samples for the subsequent analysis of the 2XMM sources, we constructed an intermediate and a clean sample, defined by their completeness levels of 95% (R 0 = 2.45) and 68% (R 0 = 1.51) respectively. The contamination fractions obtained (f 95 and f 68 respectively) are shown in Table 1 . 3 Main results and discussion 3.1 Coincidences between radio/infrared and X-ray sources Fig.1 shows the distribution of R for all the X-ray sources and their nearest radio neighbours in each of the three catalogs. The distribution shows a maximum at R ∼ 1.5. After applying the first criterion (R 0 = 3.03), a total of 2762, 449, and 109 observed coincidences were found for the NVSS, SUMSS and MGPS2 catalogs, respectively. Among these, only 368, 23 and 13 respectively are expected to be due to chance alignment of unrelated sources. Figure 2 shows the all sky distribution of the positionaly correlated radio/X-ray sources. We cross-identified the radio-X-ray sample in our 'dirty' sample with the 2MASS catalog using the same value of R ≤ 3.03. Out of 2762 NVSS sources, 1253 lie at high galactic latitudes (|b| ≥ 10
• ) and, of them, 432 display 2MASS counterparts. At low galactic latitudes (|b| ≤ 10
• ) we found 1509 sources , of which only 468 present 2MASS counterparts. A preliminary study of the latter sources was carried out by Combi et al. (2008) . Of the 449 SUMSS/2XMM coincidences sources, 348 are at low galactic latitude (|b| ≤ 10
• ), of which 17 display 2MASS counterparts. At high galactic latitude, there are 65 coincidences, among which 27 present 2MASS counterpart. Finally, out of 109 MGPS2/2XMM coincidences (all with |b| ≤ 10
• ) only 53 display 2MASS counterparts.
As a further step, we inspected the SIMBAD and the NASA/IPAC Extragalactic Database (NED) to classify unidentified and well-known sources. In a series of tables, described in a latter subsection, we present geometric and physical characteristics of different identified objects. Of the total coincident radio/X-ray sources, 2225 are unidentified (67%). These sources are published online only. Out of them, 416 were detected in radio catalogs different from the NVSS/SUMSS and MGPS2. We find a very wide taxonomy of sources among the latter: 320 normal galaxies, 78 Seyferts I, 91 Seyferts II, 23 Liners, 46 radiogalaxies, 12 double galaxies, 176 clusters of galaxies, 196 QSOs, 58 different types of stars, 15 pulsars, 4 HII regions, 19 supernovae or supernova remnants, 5 low or high mass binaries, 2 young stellar objects, 7 young or old open clusters, 4 maser sources, 5 possible connections with gamma-ray sources, 29 star forming regions, 4 planetary nebulae, and one source likely related to the Galactic Center.
X-ray properties of well-known populations
Statistical studies of X-ray sources based on X-ray colors can be used to classify objects with different spectral energy distributions belonging to a class of galactic or extragalactic population. Owing to the wide energy range of the XMM-Newton telescope (0.2-12 keV), we were able to compute X-ray colors of sources in three different broad-bands, thus helping us to better unmask signs of high energy processes in our list of coincident sources.
The most efficient representation of the hardnessratio plane in terms of thermal and/or non-thermal models suggests us a restricted energy range. We used three energy bands defined in the catalog as: Soft (S: 0.5−1.0 keV), Medium (M : 1.0−2.0 keV), and Hard (H: 2−4.5 keV). The X-ray hardness-ratio was defined as: H x = (M −S)/(S+M ) and H y = (H −M )/(H +M ). Since it is difficult to classify individual sources with confidence on the basis of X-ray colors alone, we computed and plotted the predicted loci for thermal (in orange) and non-thermal (black) models with absorption. For the thermal model we used the APEC (Smith et al. 
to 10×10
22 cm −2 . On the other hand, for the absorbed power-law (PL) model, we used values of Γ index ranging from 0 to 4 and interstellar absorptions N H from 1×10 21 to 4×10 22 cm −2 . The grid was calculated with the Portable Interactive Multi-Mission Simulator (PIMMS6). To determine the X-ray properties of each source, we performed a two-dimensional interpolation with the grids of both models using the information provided by the hardness-ratios. First, H y was used to determine the temperature in the thermal model and Γ in the power-law one. Then, a value of N H was determined for each model from H x . Our final results are given in the tables in the appendix (see Appendix).
The uncertainties in the estimate of the source parameters depend on the obtained values for them. For instance, N H remains undetermined using both models for values above 4 × 10 22 cm −2 , i.e. for high H x values (H x ∼ 1). Also, in the thermal model, the temperature above 2 keV is less constrained since the separation in the grid between models is very short. The X-ray characteristics for different objects are presented and briefly discussed below.
Galactic sources
The resulting hardness ratio (HR) diagrams for galactic objects are shown in Figure 3 (only the results for stars are shown here; figures for the remaining objects are available on-line). Filled (blue) points, open (green) squares and open (red) diamonds indicate the positional coincident XMM-Newton sources with NVSS, SUMSS and MGPS2 radio sources, respectively. Number of sources follows those that are presented in their respective electronic tables. Table 2 displays different types of galactic sources, which are fitted by a thermal model, a power-law model, a combination of both models or none model. 
Extragalactic objects
In the appendix, we show the HR diagrams for QuasiStellar Objects (QSOs) at different redshifts (z=0.1, 0.25, 0.5, 1.0, 1.5 and 2). Figures for the remaining extragalactic objects are available on-line. Normal galaxies: In Figure 8 we show the distribution of normal galaxies in the HR diagram. Most of these objects lie at z≈0.1. At this redshift there are twenty six sources that do not fit the models, 56 are fitted by both models, 22 only by a PL and 24 only by a thermal model. Most of the sources lie between values of the Γ index from 1.75 to 4, temperatures in the range 0.8 to 2.6 kT and interstellar absorption N H with values ranging from 0.1 to 0.8×10 22 cm −2 . For values of z between 0.25 to 0.50 the behaviour is similar to the previous case. At values of z>1 only a PL model fit the objects. There are not objects for values of z> 1.25.
Seyfert I: Figure 9 shows the distribution of Seyfert I galaxies in the HR diagram. As can be seen, a large fraction of these sources have z≈0.1, with values of Γ indices from 2.0 to 3.75, temperatures ranging from 1.2 to 2.6 kT and a mean interstellar absorption N H of 0.3×10 22 cm −2 . It is interesting to note that when z increases (z=0.5, z=1.0 and z=1.5) the N H increases gradually to 0.8, 1.5 and 3 ×10 22 cm −2 . In addition, when z increases thermal models compressed towards high values of Γ. At values of z> 0.75 a PL model is most suitable to fit the sources.
Seyfert II: Figure 10 shows the distribution of Seyfert II galaxies in the HR diagram. As in the previous case, most of the sources have z≈0.1 with values of Γ indices from 1.5 to 4.0, temperatures ranging from 0.9 to 2.6 kT and a mean interstellar absorption N H of 0.2 ×10 22 cm −2 . As can be seen, Seyfert II galaxies display values of interstellar absorption N H lower than Seyfert I, and most of the sources are best fitted by a PL model.
Liners: Figure 11 shows the distribution of Liner galaxies in the HR diagram. Around 90% of the sources have z≈0.1 and lie concentrated between values of Γ indices of 2.25 to 3.25, temperatures ranging from 1.4 to 2.2 kT and a mean interstellar absorption N H of 0.3 ×10 22 cm −2 . Radiogalaxies: Figure 12 shows the distribution of radiogalaxies in the HR diagram. Around 50% of the sources lie at z≈0.1, which display values of Γ indices from 2.25 to 4.0, temperatures ranging from 0.8 to 2.6 kT and a mean interstellar absorption N H of 0.4
. At values of z> 0.5 a PL model seem to be most suitable to fit the sources.
Double galaxies: Figure 13 shows the distribution of double galaxies in the HR diagram. All the sources lie at z≈0.1. Unfortunately in this case the statistic is very low, therefore, it is impossible to suggest a possible trend for these sources.
Clusters of galaxies: Figure 14 illustrates the distribution of clusters of galaxies in the HR diagram. In this case, 89% of the objects lie at z≈0.1 and display values of Γ indices between 2.0 and 4.0, temperatures ranging from 0.4 to 2.6 kT and a mean interstellar absorption N H of 0. • . For galactic latitudes |b| ≤ 10 • , the contamination of extragalactic objects is < 6%. In other words, 94% of sources with |b| ≤ 10
• lie mainly on the galactic plane and are probably galactic objects. Figure 5 (left panel) shows unidentified sources with galactic latitudes |b| ≥ 10
• . As can be seen, a large concentration of sources lie between values of Γ indices from 1.5 to 4.0 (with a mean of ≈ 2.75), values of temperature between 0.6 and 2.6 kT (with a mean kT of 1.6) and interstellar absorption N H with values in the range from 0.2 to 0.8×10 22 cm −2 (with a mean of N H ≈ 0.5×10 22 cm −2 ). X-ray spectral characteristics of wellknown extragalactic objects (see suggest that unidentified sources with galactic latitudes |b| ≥ 10
• have mainly an extragalactic origin and could be different types of AGNs, in agreement with recent X-ray studies of sources with high galactic latitudes. These results support the widely accepted findings that the X-ray sky at middle and high galactic latitudes is largely dominated by AGNs (see Barcons et al. 2007; Caccianiga et al. 2007; Watson et al. 2009 ). Figure 6 (left panel) displays the distribution of unidentified sources with galactic latitudes |b| ≤ 10
• in the HR diagram. As can be seen, in contrast with the sources at high galactic latitudes, the distribution presents a more complex structure. There is still a small concentration of sources at low values of interstellar absorption, but with an important fraction of sources with N H greater than 0.5×10 22 cm −2 . These objects could be more absorbed sources belonging to the galactic plane and therefore with galactic origin. Comparing the positions of well-known galactic objects and unidentified sources in the HR diagrams, it is possible to provide constraints on the overall unidentified Xray population and delineate some likely origin for these sources. For values of interstellar absorption N H less than 0.5×10 22 cm −2 , unidentified sources could be different types of stars, SNRs or a small fraction of AGNs behind the galactic plane. On the other hand, for values of interstellar absorption N H greater than 0.5×10 22 
cm
−2 these objects could be HII regions, low/high mass X-ray binaries, young stellar objects, sources of masers or star forming regions.
Finally, in order to distinguish more clearly the concentration of these objects in the HR diagrams, we constructed density maps for the sources at galactic latitudes |b| ≥ 10
• . Figures 5 (right panel) and 6 (right panel) show density maps for unidentified sources. The maps are 2D-histograms normalized to 1/N , where N is the total number of sources in the diagram. For the size of the bin in axis x and y, we chose the median of the errors in HR1 and HR2, respectively. Contours were overplotted, each level corresponding to the percentage with respect to the total number of sources in the plot.
For unidentified sources with galactic latitudes |b| ≥ 10
• (see Fig.13 , right panel) the density map shows a feature of double-peak nature. Here, the contours were determined for the density map normalized to the maximum number of sources found in a bin in the histogram, to better distinguish the double-pick nature of the source sample in the density map. Comparing this figure with the HR diagrams of well-known extragalactic objects, we found that the highest peak at (H − M )/(H + M )=(0.1−0.3) is formed by the contribution of Seyfert I and QSOs, and the lowest one at (M − S)/(M + S)=(−0.1−0.4) by normal galaxies. On the other hand, for unidentified sources with galactic latitudes |b| ≤ 10
• (see Fig.14 , right panel), the density map shows a more complex structure, with a significant fraction of much more absorbed objects. These sources could be part of the dominant X-ray population of obscured (highly absorbed) and hard-spectrum sources, absent in earlier soft X-ray surveys. Possibly, the contribution of distant accreting low/high mass X-ray binaries, cataclysmic variables, RS CVn systems, and a large population of coronally active stars (Hands et al. 2004 ).
Summary
In this paper we have presented the first positional cross-correlation study between radio, infrared and X-ray sources detected by XMM-Newton telescope. Analysing radio and modern, more sensitive X-ray data, we found 3320 objects with positional coincidence between radio and X-ray catalogs. The significance of the observed coincidences was evaluated through Monte Carlo simulations of synthetic sources following a welltested protocol. As a result we found that the percentage of chance coincidences is less than 1%.
Out of 3320 coincident sources, 1746 have galactic latitudes |b| < 10
• and 1576 |b| ≥ 10
• . Besides, 997 display infrared counterparts in the 2MASS catalog, 1095 are well-known objects and the remainder 2225 sources (∼67%) are unidentified. We found galactic and extragalactic objects among the list of wellknown X-ray sources. Galactic objects such as stars, pulsars, HII regions, supernova and supernova remnants, low/high mass X-ray binaries, young stellar objects, young and old open clusters, masers, gamma-ray sources, star forming regions, planetary nebulae and a source possibly related to the galactic center. Among the extragalactic objects, we found normal galaxies, different types of AGNs (e.g., Seyfert I, Seyfert II, Liners, radiogalaxies and double galaxies), QSOs, and clusters of galaxies.
As a second step, we carried out a dedicated study based on X-ray colors of well-known galactic and extragalactic objects. These X-ray hardness ratios were used to provide a crude representation of the X-ray spectrum and to make preliminary diagnosis of the nature of unidentified X-ray sources. X-ray spectral characteristics of well-known populations of objects suggest that unidentified sources with galactic latitudes |b| ≥ 10
• have mainly an extragalactic origin. In addittion, for galactic latitudes |b| ≤ 10
• we found that most of the unidentified sources lie at galactic latitudes |b| ≤ 2
• . This latter result suggests that most of the unidentified sources found on the galactic plane might have a galactic origin. They could be different type of stars, SNRs, low/high mass X-ray binaries, young stellar objects, masers, star forming regions or part of some new population of X-ray sources.
The present catalog, we hope, will be a very useful tool for researchers interested in both population and individual source studies. Tables 3 to 8 list positional coincidences between the NVSS, SUMSS and MGPS2 surveys with the 2XMM-Newton catalog, for different types of sources. Unidentified sources are published online only. In the tables, the sources are ordered according to right ascension; part of the information on a source is arranged in twenty one and twenty two columns for galactic and extragalactic sources, respectively. These tables are intended as a useful tool for researchers interested in particular identifications.
A Description of the tables
Columns 1 and 2 provide the source number and name with rough information on its sky location, according to the conventional XMM-Newton source nomenclature. Columns 3 and 4 give the right ascension (RA) and declination (DEC) of the source for equinox J2000.0. The RA and DEC are given as [hh mm ss] and [
• ' "], respectively. An indication of the accuracy of this position, in the form of equivalent (90 percent confidence level) error radii is indicated in Column 5. Columns 6 and 7 give the hardness ratio as defined in Sec.3.2. Columns 8 and 9 display the temperature (kT ) and interstellar absorptions N H obtained from the thermal model. Columns 10 and 11 list Γ indexes and the interstellar absorptions N H computed with the non-thermal model. The X-ray flux, in units of ergs s −1 cm −2 , is indicated in Column 12. It was computed in the SXSSC using an energy conversion factor (ECF) in the 0.2-12 keV energy band. Columns 13, 14 and 15 give the name of the radio counterpart in the NVSS, SUMSS or MGPS2 surveys, its radio flux (in mJy) and R statistic, respectively. Columns 16, 17, 18 and 19 list the possible infrared counterpart in the 2MASS catalog, its magnitude Ks, the (H − Ks) and (J − H) differences, and the value of R obtained from the XMM and 2MASS catalogs (Cutri et al. 2003, Skrutskie et al. 2006 ). Finally, Columns 20 and 21, provide the redshift (for extragalactic sources) and the main reference associated to each source. The references are the more recent study with the XMM-Newton satellite or another Xray observatory. If the source has not been previously studied with any X-ray observatory, the reference indicates the detection at other wavelengths. • . Points represent the same as in the previous figures. Right: Density map in the hardness-ratio diagram for unidentified sources with galactic latitude |b| > 10
• . Contours were overplotted, each level correspondig to the percentage with respect to the total number of sources in the plot. Bin size correponds to a maximum of 39 sources per bin. Fig. 6 Left: Ratios of source counts in different spectral bands for unidentified coincident radio/X-ray sources with galactic latitude |b| < 10
• . Points represent the same as in the previous figures. Right: Density map in the hardness-ratio diagram for unidentified sources with galactic latitude |b| < 10
• . Contours were overplotted, each level correspondig to the percentage with respect to the total number of sources in the plot. Bin size correponds to a maximum of 39 sources per bin. Fig. 7 Left: Ratios of source counts in different spectral bands for unidentified radio/X-ray sources with galactic latitude |b| < 5
• . Right: Ratios of source counts in different spectral bands for unidentified radio/X-ray sources with galactic latitude |b| < 2
• . Points represent the same as in the previous figures. 
